Bull. Inst. Zool., Academia Sinica 21(1): 61-66 (1982) 


DEACTIVATION OF THE SEX PHEROMONE OF THE 
DIAMONDBACK MOTH BY ALUMINA‘ 


YUH-MEEI LIN and Y.S. CHow 


Institute of Zoology, Academia Sinica 
Taipei 115, Taiwan, R. O. C. 


(Received November 22, 1981) 


Yuh-Meei Lin and Y.S. Chow (1982) Deactivation of the sex pheromone of the 


Diamondback moth by Alumina. 


Bull. Inst. Zool., Academia Sinica 21(1): 61-66. 


The sex pheromone of the diamondback moth was deactivated completely when it 


was chromatographed on active alumina column. 


It is established that the com- 


ponents of the sex pheromone, (Z)-1l-hexadecenal and (Z)-11-hexadecenyl acetate, 
were converted and hydrolyzed respectively to the corresponding alcohol, (Z)-11- 
hexadecen-1-ol, by active neutral alumina. 


Tre sex pheromone in the female dia- 
mondback moth (Plutella xylostella (L.)) was 
first demonstrated and partially purified with a 
silicic acid column by Chow et al.” Later 
Tamaki et al.“ identified the chemical struc- 
ture of the sex pheromone as a mixture of 
(Z)-11-hexadecenal and (Z)-11-hexadecenyl ace- 
tate. We also confirmed that these two com- 
ponents were the true sex pheromone of the 
diamondback moth, 

During our early work on the isolation 
and purification of the sex pheromone, it was 
noticed that the activity of the sex pheromone 
was. lost completely when the crude extract 
was exposed to alumina column, In order to 
understand why the alumina column could not 
be used in the isolation procedure of the dia- 
mondback moth sex pheromone, synthetic com- 
pounds, (Z)-11-hexadecenal and (Z)-11-hexade- 
cenyl acetate were chromatographed on alumina 
column separately, and the results are reported 
here. 


MATERIALS AND METHODS 


~ Merck neutral aluminium oxide 90 (Activity 


I) particle size 0,063-0.200 mm (70-230 mesh 
ASTM) for column chromatography (Art No. 
1077) was used. All solvents used, such as 
methanol and diethyl ether, were guaranteed 
C.P. for reagent grade and purchased from E. 
Merck. (Z)-\1-hexadecenal was purchased 
from Farchan. (Z)-11-hexadecenyl acetate was 
generously donated by Dr. Yoshio Tamaki, 
National Institute of Agricultural Sciences, 
Tokyo, Japan. (Z)-11-hexadecen-l-ol was pre- 
pared by reduction of (Z)-11-hexadecenal with 
lithium aluminium hydride in ether solution 
or alkaline hydrolysis of (Z)-l1-hexadecenyl 
acetate. 

Analytical gas-liquid chromatography was 
performed on a Varian Aerograph Model 2800 
chromatograph equipped with FID detector 
using 5 ftx4¢ in. column packed with 3% SE-30 
on 100/120 VARAPORT 30. Oven temperature 
was programmed from 130°C to 250°C at 8°C/ 
min., carrier gas flow rate was 16 ml/min.. 
Spectral data were obtained with a Hitachi 215 
Infrared Grating Spectrometer and a HP 5985A 
GC-MS System. 

Bioassay was performed both in laboratory 
and in field attraction experiments according 
to the methods of Chow et al.®*. 
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Column chromatography of crude extract of the 
diamonback moth virgin females: 


1000 virgin females were extracted with 
methylene chloride. After evaporating the 
methylene chloride, the residue was dissolved 
in 2 ml of hexane and loaded on the top of a 
20g alumina column (20mm. in diameter). 
Fractions eluted stepwise by 50 ml volumes of 
the solvents, pure hexane, 2%, 4%, 8%, 16%, 
32% and 50% diethyl ethyl ether in hexane, 
and pure diethyl ether were collected as F,, 
F,, Fs, Fa, Fs, Fe Fr Fs, respectively. Each 
fraction was subjected to bioassay. 


Column chromatography of (Z)-11-hexadecenal 
and (Z)-11-hexadecenyl acetate on alumina 
column: 


Two mg of (Z)-11-hexadecenal was loaded 
on 2g of aluminium oxide column (12 mm in 
diameter), and eluted with 20ml each of pure 
hexane, 2%, 4%, 8%, 16%, 32%, 50% diethyl 
ether in hexane and pure dietyl ether, and col- 
lected as fractions Fiz, Fzs* «Fes respectively. 
Two mg of (Z)-\1-hexadecenyl acetate was 
chromatographed on 2g of alumina column by 
the same procedure to obtain eight fractions, 
labelled Fi,, FF Each fraction was 
evaporated to dryness under reduced pressure 
below 40°C and dissolved in 0.1 ml of hexane 
before analysis by GC. 


Preparation of (Z)-11-hexadecen-1 -ol: 


Fifty mg of (Z)-\1-hexadecenal was dis- 
solved in diethyl ether and was added to the 
LiAIH, ether solution, then stirred at room 
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temperature for 30 min. Excess LiAIH, was 
destroyed by 10% H.SO,, the ppt filtered and 
the filtrated extracted by diethyl ether. The 
extract was washed with distilled water and 
then dried with anhydrous MgSO.. After dry- 
ing, the solvent was evaporated off and the 
product was identified by GC-MS and IR as 
(Z)=11-hexadecen-1 -ol. 


RESULTS 


Deactivation of the crude extract from the virgin 
females by alumina column: 


In laboratory bioassay the crude extract 
from the virgin females evoked good response 
from cages males. After chromatographing the 
crude extract on alumina column, each fraction 
(F,-Fs) obtained was subjected to bioassay and 
no fraction obtained a response from the males 
nor did a recombination of all the fractions. 
It seems the crude extract was completely de- 
natured by the alumina column. In a previous 
report’, it was shown by the preliminary ex- 
periment on saponification (alcoholic sodium 
hydroxide)-acetylation (acetic anhydride and 
pyridine) that the sex pheromone probably con- 
tains a functional acetate. When acetylation 
of the fractions (Fi-Fs) was followed by bio- 
assay of each fraction individually or after 
combining all fractions, biological activity still 
did not reappear. This revealed that there 
were more than one component in the sex 
pheromone and the components could be de- 
composed by alumina. 


TABLE I 


The results of GLC analysis of fraction la-8a. Column temperature 
130-250°C, 8°C/min. flow rate (nitrogen) 16 ml/min. 5 ft 1/8 in. 


column packed with 3% SE-30 


on 100/120 VARAPORT 30 


~ Fraction | 
Compounds | > Fia Foa Foa Faa Foa Fea Fra Faa 
o - Di Tr (min.) ~、 | ， 
unknown 9.2 一 — | 一 — | 一 — | trace 一 
(Z)-11-hexadecenal 9.8 一 | 一 — | 一 :ca30 Lg 30 ve cas0Hpg 一 
(Z)-11-hexadecen-1-ol 10.5 | | C— | 一 | 700 zg) 100 ug 
unknown 20 一 一 trace | trace | trace | trace | trace 一 


unknown ooo | _ - 
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Denature of (Z)-11-hexadecenal by alumina 
column: 

Fractions 1a-8a were analyzed by gas liquid 
chromatography and the retention times of 
known compounds and unknowns obtained are 
shown in Table I. 


It will be seen from this table, only small 
amounts of (Z)-11-hexadecenal were recovered 
from fractions 5a and 6a. There was a trace 
amount of unknown compound D (Fig. I peak 
D) eluted from fractions 3a-6a. Fraction 7a 
showed a major component accompanied by a 


TIME ( min.) 


Fig. 1. Gas chromatogram of Fr。 on 2% OV 101 column. (120-200°C at 5°C/min) 
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Fig. 2. Mass Spectrum of peak C ((Z)-11-hexadecen-1-ol) in Fy. 
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TABLE IJ 


The results of GLC analysis of fraction 1b to 8b. Column temperature 
130-250°C, 8°C/min., N; flow rate 16 ml/min. 5 ftx8in. column 


packed with 3% SE-30 on 100/120 VARAPORT 30 


~、Fracting 
Compound Se Fip FE Fsb Fib Pop Fep Fip Fep 
Tr (min.) 
| 
(Z)-11-hexadecenyl 12.4 一 320 pg | 430 ug 一 一 一 一 一 
acetate 
(Z)-11-hexadecen-1-ol 10.5 一 一 一 一 30 vg | 520 g | 50Hpg | 25 pgg 


small amount of original (Z)-11=hexadecenal 
(Fig. I peak B) and trace of two unknown 
compounds, A and D (Fig. I peak A and D). 
The major component of F,, has longer reten- 
tion time than that of (Z)-11-hexadecenal in 
the GC chromatogram. It indicates that the 
compound is more polar or has higher mole- 
cular weight than those of (Z)-11-hexadecenal. 

Combined gas chromatography-mass spec- 
trometry (GC-MS) analysis of fraction 7a on 
a OV-101 column (2%, 2ftx1gin, 120-200°C, 
5°C/min.) showed one major peak at 5.8 min. 
The retention time and mass spectrum (Fig. 2) 
were identical with those of a standard material, 
(Z)-11-hexadecen-1-ol. 


The IR spectrum of compound C showed 
the absorption of hydroxyl group at 3300 cm-: 
and 1060cm~', identical with that of (Z)-11- 
hexadecen-l~ol. From the above results it 
appears that the (Z)-11-hexadecenal was mostly 
reduced to its corresponding alcohol, (Z)-11- 
hexadecen-1-ol. 


Decomposition of (Z)-11-hexadecenyl acetate by 
alumina column: 


Fractions 1b to 8b were also analyzed by 
GLC and the results are shown in Table II. 

About 0.8 mg of (Z)-l1-hexadecenyl acetate 
was recovered from F,, and F;,. A compound 
which had shorter retention time than that 
of (Z)-l1-hexadecenyl acetate was collected 
in fraction 5b-8b. Fraction 7b was subjected 
to GC-MS analysis. From the retention time 
and mass spectral data it was confirmed that 
the compound in F,, was (Z)-11-hexadecen-1- 
ol. From the above results it appears that 


(Z)-11-hexadecenyl acetate was partially hydro- 
lyzed to (Z)-11-hexadecen-l-ol when it was 
chromatographed on an alumina column. 


DISCUSSION 


Secondary reactions caused by active 
alumina during chromatography have been 
summarized by Lederer‘; for example, the 
saponification of glycerides and autoxidation of 
glycerides and autoxidation of fatty acids, the 
deacetylation of acetylated sugars, elimination 
of one molecule of acetic acid from xanthinine. 
Other changes under the conditions of chro- 
matography on alumina, such as hydrolysis of 
ester, substitution and elimination reaction were 
also reported‘‘’*»*!, In our experiments, it 
is revealed that (Z)-11-hexadecenyl acetate was 
40% recovered and partially (30%) hydrolyzed 
to (Z)-l1-hexadecen-1-ol, whereas (Z)-11-hexa- 
decenal was reduced to its. corresponding al- 
cohol, (Z)-11-hexadecen-l-ol, in a higher per- 
centage (about 40%) and only 4% recovered. 
Since the effective components, (Z)-11-hexa- 
decenal and (Z)-\1l-hexadecenyl acetate were 
converted to (Z)-l1-hexadecen-l-ol, only small 
amount of (Z)-11-hexadecenal (4%) and (Z)-11- 
hexadecenyl acetate (40%) remained unchanged. 

As we know, in most of the Lepidoptera 
insects more than one attractant chemical were 
used as an aid to insure species isolation. The 
ratio of the components in a multicomponents 


type of sex pheromone is very important 
to its ability to attract the opposite sex. 
Chisholm et al.“ reported that mixtures 


of (Z)-11-hexadecenal and (Z)-11-hexadecenyl 
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acetate dispensed from rubber septa in a 7:3 
ratio were good lures to males of Plutella 
xylostella. Because alumina chromatography 
not only changed the main components (Z)- 
1l-hexadecenal and (Z)-11-hexadecenyl acetate 
to large amount of (Z)-11-hexadecen-1-ol, 
but also modified the ratio of the sex phero- 
mone components from 1:1 to 1:10, so that 
the crude extract lost its activity completely 
in laboratory experiments. On the other hand, 
Koshihara et al.®, Yamada and Kohihara’” 
reported that admixture of low concentration 
of (Z)-11-hexadecen-1-ol to the sex pheromone 
of the diamondback moth in the ratio 1-10:100 
increassed its attractiveness to the male moths. 
It is clear then the main reason for the crude 
extracts of the diamondback moth to lose its 
activity during chromatggraphy on alumina 
column is because most of its components were 
converted to (Z)-1\1-hexadecen-l-ol and only 
4% of (Z)-11-hexadecenal and 40% of (Z)-11- 
hexadecenyl acetate remained. Therefore, alu- 
mina column is not recommended as a useful 
tool for the isolation of some insect sex phero- 
mone which may contain aldehyde or acetates. 
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=A 4b SBD RE BR Be CB TS EAC 


处 女 小 荣 蛾 粗 萃取 液 经 三 氧化 二 铝 柱 层 和 纯化 上 时， 其 性 费 洛 莹 活性 治 失 。 将 小 荣 峨 性 费 洛 蒙 之 租 成 成 
分 〈 上 顺 )-11- 十 六 烯 醛 乒 〈 顺 )-11- 十 六 烯 酵 乙 栈 酯 各 别 经 过 三 氧化 二 铝 柱 层 人 后 ， 再 以 红外 缚 光 寻 及 气相 色 
析 一 质 必 法 分 析 知 前 者 大 部 分 (40%) BTR Z O-H- ARRERA 4 RIE > 而 后 者 则 
有 30%% 被 水 解 成 ( 顺 )-11- 十 六 烯 醇 ， 而 40% 被 回收 。 


